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ISOLATION OF MESENCHYMAL STEM CELLS AND USE THEREOF 

FIELD OF THE INVENTION 

[0001] The present invention is generally directed to isolation of mesenchymal stem 
cells and a method of differentiating these cells into various lineages. 

BACKGROUND OF THE INVENTION 

[0002] One of the major challenges facing tissue engineering is having a reliable and 
easily reproducible cell source for harvesting and expansion. Embryonic tissues 1 " 3 , bone 
marrow, and skeletal muscle 4 " 6 have been identified as sources for the derivation of 
mesenchymal stem cells with defined pluripotential properties. Mesenchymal stem cells can 
replicate as undifferentiated cells and have the remarkable ability to differentiate into specific 
kinds of mesenchymal or connective tissues including osseous (bone), cartilagenous, adipose 
(fat), muscular, elasltic, and fibrous connective tissues. Although these cells are normally 
present at very low frequencies in bone marrow, a process for isolatii ;g, purifying and mitotically 
expanding the population of these cells in tissue culture has been described in U.S. Patent Nos. 
5,486,359; 5,197,98: and 5,226,914. 

[0003] Adult meenchymal stem cells go through a sequence of proliferation, 
commitment, differentiation and maturation. In a healthy individual, these cells take care of the 
replacement and regenratiort of human connective tissues. 

[0004] The ability to grow mesenchymal stem cells from a reliable cell source is crucial 
to production of complex tissues and organs for the restoration of damaged or diseased tissue. 

[0005] Skin tissue is composed of mesoderm and ectoderm. The mesodermal layer 
contains many different cell types, and most have a stromal phenotype. Although fibroblasts are 
ubiquitous and posess the same phenotypic properties in mammalian tissues and organs, their 
biological properties may differ, depending on their natural environment. While it is possiK 
that most fibroblasts are "masnre", inca;: ;e of transformation, there is evidence that there a- 
"immature" fibroblasts (pluripotent mesenchymal stem cells) that are capable of 
transformation. 16 

[0006] The molecular and cellular basis of directing an "immature" connective tissue 
phenotype to form bone, fat and cartilage is a remarkable biological phenomenon with enormous 
implications for disorders related to ostegenisis (e.g. the control of bone regenration and fracture 
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healing), adipogenisis (obesity and obesity-induced diabetes), and chondrogenisis (e.g., tissue 
egineering for numerous cartilage-regenration therapies including treatment of urinary 
incontinence). 

[0007] For the foregoing reasons and deficiencies of the current state of the art, there 
exists a need for mesenchymal stem cells and especially mesenchymal stem cells derived from a 
reliable source and capable of being differentiated into different lineages of these cells, such as 
osteogenic, adipogenic and chondrogenic lieneages. 

SUMMARY OF THE INVENTION 

[0008] The present invention is directed to isolation of mesenchymal stem cells, their 
isolation form a reliable source, and their differentiation into osteogenic, adipogenic and 
chondrogenic lineages. In accordance with one aspect of the invention, mesenchymal stem cells 
are isolated from a dermal layer of human skin, and more particularly from a postnatal human 
foreskin. In another aspect of the present invention, the isolated mesenchymal stem cells are 
differentiated into osteogenic, adipogenic, and chondrogenic lineages. 

[0009] As aforesaid, the first aspect of the present invention provides a method for 
isolating human mesenchymal stem cells. The method comprises providing a specimen of 
human connective tissue; holding the specimen in a sterile environment for at least 2 days 
(preferably for 2 to 10 days and most preferably for 3 to 6 days) at about 4C; isolating a dermal 
layer from the specimen; contacting the dermal layer with collagenase, preferably collagenase I, 
to provide a collagenase cell suspension; collecting the supernatant from the cell suspension; 
centrifuging the supernatant to obtain a cell product, and resuspending the resulting cell product 
in the culture medium to promote cell growth. Preferably, the human connective tissue is 
obtained from a human skin, more preferably, from human postnatal foreskin. Preferably, the 
cells are subcultured using trypsin and EDTA for 5 minutes at 37C. 

[0010] In another aspect of the invention, a human mesenchymal stem cell produced by 
the method described supra is disclosed. 

[001 1] In a third aspect of the invention, a method for obtaining osteoblasts is provided. 
The method comprises: providing a specimen of human connective tissue; holding the specimen 
in a sterile environment for 2-1 0 days at about 4C; isolating a dermal layer from the tissue; 
contacting the dermal layer with collagenase to provide a collagenase cell suspension; collecting 
the supernatant from the cell suspension; centrifuging the supernatant to obtain a cell product, 
and resuspending the resulting cell product in the culture medium with dexamethasone, beta- 
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glycerophosphate and ascorbic acid-2-phosphate in amounts sufficient to induce human 
mesenchymal stem cells to undergo osteogenic differentiation. 

[0012] In a fourth aspect of the invention, a method for obtaining adipocytes is provided. 
The method comprises: providing a specimen of human connective tissue; holding the specimen 
in a sterile environment for 2-10 days at about 4C; isolating a dermal layer from the tissue; 
contacting the dermal layer with collagenase to provide a collagenase cell suspension; collecting 
the supernatant from the cell suspension imifuging the supernatant to obtain a cell product, 
and resuspending the resulting cell prodo". .n the culture medium with dexamethasone, 3- 
isobutyl-l-methylxanthinsi, insulin, and indomethacin in an amount sufficient to induce human 
mesenchymal stem eel); undergo adipogenic differentiation. 

[0013] In a fifth aspect of the invention, a method for obtaining chondrocytes is 
provided. The method comprises: providing a specimen of human connective tissue; holding the 
specimen in a sterile environment for 2-10 days at about 4C; isolating a dermal layer from the 
tissue; contacting the dermal layer with collagenase to provide a collagenase cell suspension; 
collecting the supernatant from the cell suspension; centrifuging the supernatant to obtain a Cell 
product, and resuspending the resulting cell product in the culture medium with L-glutamine, 
MEM nonessential amino acids, 2-mercaptoethanol, dexamethasone, ascorbic acid-2-phosphate, 
and transforming growth factor 3 in an amount sufficient to induce human mesenchymal stem 
cells to undergo chondrogenic differentiation. 

[0014] Other aspects of the invention are disclosed infra. 

BRIEF DESCRIPTION OF THE FIGURES 

10015] For a more complete understanding of the invention, reference should be made to 
the figures, in which: 

[0016] Figure 1 depicts the effect of adipogenic medium on mesenchymal stem cells in 
• light microscopy and Oil-O-Red staining. Cells were seeded at 3x1 0 3 cells/cm 2 in 2 well plates 
in vontrol medium for 4 days. Subsequently, plates were cultured either in adipogenic medium 
or ,n control medium for 16 days. Before air ying, the chamber slides for 1I~0-Red staining, 
pictures from cultures were taken in light microscopy. 

[0017] Figure 2 A depicts the effect of osteogenic medium on undifferentiated fibroblast 
cultures in alkaline phosphatase (AP) staining. Cells were grown in either control medium or in 
osteogenic medium for 4, 8, and 16 days. 
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[001 8] Figure 2B shows the average of AP production of cells from 2 patients, treated 
either with osteogenic medium or with control medium after 4, 8, and 16 days of culture. Star 
marked values at Day 16 time point represent AP production of mesenchymal stem cells from 
bone marrow. Values were measured in quadruplicate values for each patient. P-Nitrophenol 
production is equivalent to alkaline phosphatase production. 

[0019] Figure 3 A shows the effect on undifferentiated fibroblast cultures of osteogenic 
medium in von Kossa staining. Undifferentiated cells were. seeded at 3x1 0 3 cells/cm 2 in 35 mm 
dishes. Cells were grown either in control medium or in osteogenic medium for 4, 8, and 16 
days. 

[0020] Figure 3B shows the average, of two patients for calcium deposition of cells with 
Osteogenic Medium (solid line) and cells with Control Medium (broken line) after 4, 8, and 1 6 
days of treatment. Values were measured in quadruplicate values for each patient. Results were 
normalized to cell counts. 

[0021] Figure 4A shows a RT-PCR upregulation of cbfal in osteogenic cells. ' 

[0022] Figure 4B is a RT-PCR performed for ppar -2 showing upregualtion of 
transcription in cells treated with adipogenic medium. Lipoprotein lipase expression is strongly 
induced in adipogenic cells. 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] In the present invention, the postnatal human dermal tissue was used as a source 
of pluripotential cells. Particularly, the present invention provides a method for isolating 
mesenchymal stem cells from postnatal human tissue, and a method of differentiate the 
mesenchymal stem cells into osteogenic, adipogenic, and chondrogenic lineages. 

[0024] Osteogenic induction of mesenchymal stem cells has been reported for bone 
marrow, skeletal muscle, and embryonic stem cells. Osteogenic differentiation can be 
determined from a change in phenotype, the production of alkaline phosphatase, mineralization, 
accumulation of calcium, and the expression of genes specific for osteogenic induction. 5,8,13 A 
transcription factor that is important for osteoblastic differentiation is cbfal. 16 ' 17 Cbfal is also 
highly expressed in chondrocytes when becoming hypertrophic for bone formation. 18 In one 
aspect of the present invention, we disclose, infra, how mesenchymal stem cells can be derived 
from postnatal dermal tissue (preferably, postnatal human foreskin tissue), and can be made to 
differentiate into an osteogenic lineage. 
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[0025] Adipogenic differentiation has been reported for postnatal mesenchymal stem 
cells and for C3/T10 cells, derived from embryonic tissue. 14 Adipogenic differentiation can be 
determined with oil-O-red staining, which stains intracellular fat-filled vacuoles, expression of 
lipoprotein lipase in adipogenic cells, and over-expression or induction of expression of ppary-2, 
which is the most specific marker for adipogenic induction. 5,14,15,19 In another aspect of the 
present invention, we disclose infra how mesenchymal cells, derived from human skin 
(preferably postnatal human foreskin) can be made to differentiate into an adipogenic lineage. 
Although Pittenger et al. used the same markers in an attempt to demonstrate the potential of 
bone marrow mesenchymal stem cells to differentiate into an adipogenic lineage, they were 
unsuccessful in that they were able to produce adipocytes only, they were t - '>\v. to induce 
fibroblasts from skin to become osteogenic and adipogenic. 5 

[0026] In yet another aspect of the invention, we disclose infra a method of 
differentiating mesenchymal. sterr cells derived from human skin (preferably, postnatal human 
foreskin) into chondrocytes. 

[0027] Although markers for differentiated cells are widely used and recognized, stem 
cell markers are more difficult to define, and marker expression may depend on the pluripotential 
ability of the cells. For example, mesenchymal stem cells derived from bone arrow express 
endoglin (CD-I 05) and Thy-1 (CD-90), but do not express CD-34 and CD-t J , : Wmch are 
expressed in hematopoetic mesenchymal stem cells 5 . The mesenchymal cells of the present 
invention show positive expression for CD-90 and CD-I 05, which is consistent with the 
expression seen with bone marrow derived stem cells. 

[0028] It is to be understood that while the invention has been described in conjunction 
with the preferred specific embodiments thereof that the foregoing description as well as the 
examples that follow are intended to illustrate and not limit the scope of the invention. Other 
aspects, advantages and modifications within the scope of the invention will be apparent to those 
skilled in the art to which the invention pertains. 

EXAMPLES 

Cell Preparation and Culture Methods: 

[0029] Human foreskin specimens are obtained during routine circumcisions from 
children aged 6 months to 1 8 years. The foreskin tissues are kept in sterile containers at 4°C for 
3-6 days and are rinsed in betadine for 5 minutes prior to processing. The dermal layers are 
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isolated, sectioned into small pieces (1 mm 3 ) and digested in 15 ml of a sterile phosphate 
buffered solution (PBS) containing 1.25 mg/ml Collagenase I (Worthington Bipchemicals) for 2 
hours at 37°C. After 2 hours. Subsequently, the supernatant is collected and centrifuged at 1000 
RPM for 5 minutes to obtain a cell product. The resulting cell product is then resuspended in 
culture medium, plated on 100mm bacterial dishes (VWR scientific products, Willard, OH) and 
grown to confluency for 2 to 3 weeks at 95% humidity and 37°C. 

[0030] The culture medium preferably consists of DMEM high glucose (GIBCO/BRL, 
Grand Island, NY) with 20% embryonic stem cell-certified fetal bovine serum (ES- FBS, 
GIBCO/BRL, Grand Island, NY), 1% antibiotics (GIBCO/BRL, Grand Island, NY), L- 
glutamine, (Sigma-Aldrich, StLouis, MO), lOOmM MEM nonessential amino acids (Sigma- 
Aldrich, St.Louis, MO), 0.55mM 2-mercaptoethanol (Sigma-Aldrich, StLouis, MO), and 
2000U/ml leukemia inhibitory factor (LIF, R&D Systems). The cells can then be subcultured 
using 0.25% trypsin containing ImM EDTA for 5 minutes at 37°C. 

[0031] For cell characterization, mesenchymal cells are seeded in 8 well chamber slides 
(nunc.Nalge) at a seeding density of 2500 cells per well. After three days, immunocytochemistry 
on cell surface markers for mesenchymal stem cells [CD105 (Pharmingen International), CD90 
(Santa Cruz Biotechnology, Inc.)] and hematopoetic stem cells [CD34 (Pharmingen 
International), CD133] is performed. 

[0032] Mesenchymal stem cells, as controls, can be purchased from Clonetics and 
cultured as recommended by the manufacturer's instructions. 

Osteogenic Differentiation: 

[0033] For the induction of osteogenic differentiation, the mesenchymal cells are seeded 
at 3000 cells/cm 2 in 24 well plates (Falcon), 35 mm and 60 mm plates and cultured in DMEM 
low glucose medium (GIBCO/BRL, Grand Island, NY) with 1 0% fetal bovine serum (FBS, 
GIBCO/BRL,. Grand Island, NY), 1% antibiotics (GIBCO/BRL, Grand Island, NY), and 
osteogenic supplements [lOOnM dexamethasone (Sigma-Aldrich, St.Louis, MO), lOmM beta- 
glycerophosphate (Sigma-Aldrich, St.Louis, MO), and O.OSmM ascorbic acid-2-phosphate 
(Wako Chemicals)]. Control medium consists of DMEM high glucose with 15% ES-FBS, 1% 
antibiotics, L-glutamine, lOOmM MEM nonessential amino acids, and 0.55mM 2- 
mercaptoethanol. Medium changes are preferably performed every 3 days. 



ISDOCID: <WO 01B3709A1J_> 



SUBSTITUTE SHEET (RULE 26) 



WO 01/83709 PCT/US01/13891 

7 

Adipogenic Differentiation: 

[0034] For the induction of adipogenic differentiation, the cells are seeded at 3000 
cells/cm 2 in two-well chamber slides (Nunc/Nalge) and 60mm plates and cultured in DMEM low 
glucose medium with 10% FBS, 1% antibiotics, and adipogenic supplements [IjjM 
dexamethasone, ImM 3-isobutyl-l-methylxanthine (Sigma- Aldrich, St.Louis, MO), lOpg/ml 
insulin (Sigma- Aldrich, St.Louis, MO), and 60(iM indomethacin (Sigma-Aldrich, StXouis, 
MO)]. All cells are preferably kept in control medium for four days, before adipogenic induction 
is started. 

[0035] Control medium consists of DMEM high glucose with 15% ES-FBS, 1% 
antibiotics, L-glutamim 'OmM MEM nonessential amino acid.-;, and 0.55mM 2- 
mercaptoethanol. The rm uum was changed every 3 days. 

Chondrogenic Differentiation: 

[0036] For chondrogenic differentiation undifferentiated cells (e.g., in the amount >.■ " 
0.25x1 0 6 cells) are spun down in 15 ml polystyrene conical tubes (Falcon) and grown as a 
pelleted micromass with 0.5ml of a defined chondrogenic differentiation medium. The medium 
preferably consists of Di .lEM high glucose with 15% ES-FBS, 1% antibiotics, L-glutamine, 
lOOmM MEM nonessential amino acids, 0.55mM 2-mercaptoethanol, lOOnM dexamethasone 
50ug/ml ascorbic acid-2-phosphate, and 2.5ng/ml transforming growth factor 3 (TGF- 3 , R&D 
Systems). After 21 days, with medium changes every 48 hourSj pellets are harvested and 
assayed as described below. 

Alkaline Phosphatase Assay: 

[0037] Alkaline phosphatase enzyme cell activity is measured in quadruplicate cultures. 
After rinsing twice with warm PBS, the cells are incubated with 2-amino-2-raethyl-l -propanol 
buffer, pH 10.3 (Sigma-Aldrich, St.Louis, MO, #221) with 40mg p-nitrophenyl phosphate 
(Sigma-Aldrich, SO," mis, MO, #104/40) added, at 37°C for 3 to 35 min. AP activity was 
calculated after measuring the absorbance of p-nitrophenol product formed at 405nm on a micro 
plate reader (Molecular Devices, Spectra Max Plus). As a standard, p-nitrophenol standard 
solution (Sigma-Aldrich, St.Louis, MO, #104-1) diluted in 2-amino-2-methyl-l-propanol buffer 
in concentrations from 0 to 1 OOnMol p-nitrophenol, is used. Enzyme activity is expressed as 
nMol p-Nitrophenol/min/10 6 cells. 
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Histochemical Analyses: 

[0038] Alkaline phosphatase activity is determined histologically, according to the 
manufacturer's instructions (Sigma-Aldrich Kit #85). Briefly, cells are fixed in a citrate-acetone 
solution. An alkaline-dye mixture (fast blue RR solution with naphthol AS-MX phosphate 
alkaline solution) is added to the cells in the 35 mm culture dishes. The cell cultures should be 
protected from direct light. Prior to viewing the cell cultures are rinsed with deionized water and 
air-dried. 

[0039] The presence of mineralization in cell culture is determined by von Kossa 
staining. The cell culture plates are fixed with 10% formaldehyde for 1 hour, incubated with 2% 
silver nitrate solution for 10 min in the dark, washed thoroughly with deionized water, and then 
exposed to UV-light for 1 5 min. 

[0040] The presence of adipose elements in cell culture is determined with Oil-O-Red 
staining. The 2-well chamber slides are washed in deionized water and air-dried. The'cells are 
incubated with oil red O staining solution for 15 minutes, rinsed with 50% ethanol 3 times, 
rinsed with distilled water, counterstained with Gill's hematoxilin for 30 sec to 1 min, and rinsed 
in deionized water 3 to 4 times. Chamber slides are mounted with water-based mounting media. 

Cell Proliferation Assays: 

[0041] Cells are seeded at 3000 cells/cm 2 in 24 well plates. Cell numbers are determined 
after 4, 8, and 1 6 days in quadruplicate values. For the first time point (4 days), the medium is 
removed from the 24 well plates. The cells are rinsed once with PBS/EDTA, and incubated With 
0.2 ml rrypsin/EDTA for 1 0 minutes at 37°C. The cells are re-suspended with trypsin/EDTA 
solution several times to avoid cell clusters, before being transferred to 9.8 ml of Isoton fluid 
(Coulter Counter). Cells are counted as recommended by the manufacturer's instructions 
(Coulter Counter). 

[0042] An MTT assay is performed after 4, 8, and 16 days. lOOul of MTT reagent 
(Sigma-Aldrich, St. Louis, MO) is added to 1ml of medium for 3 hours. The cells are lysed and 
color is extracted with isopropanolol containing 0.1M HCI. Extinction is read in a biorad reader 
at 570nm against 655nm. Results are expressed as a cell count. 

RT-PCR: 
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[0043] RNA is isolated from cultured cells and cell pellets with RNAzol reagent (Tel- 
Test Inc., Friendswood, TX) according to the manufacturer's protocol. RNA (2(ig) is processed 
for c-DNA synthesis with Superscript II reverse transcriptase with random hexamers (Life 
Technologies, Rockville, MD). c-DNA is used for each PCR reaction, in a final volume of 30ul 
with 200n>-' dNTP, lOpM of each primer, 0.3U Taq-DNA-polymerase, reaction buffer, and 
MgCi; f . "r'schnologies, Rockville, MD), in a PTC-100 cycler (MJ-Research Inc., Watertown, 
MA). The cycling conditions consist of 94° n for 2 minutes, annealing at 63°C for 40 seconds, 
and elongation at 72°C for 1 minute. Cycle ambers preferably vary between . )d 37 cycles. 
All primers can obtained from Life Technologies. PCR products are quantifier h NIH Image 
1.62. 

Immunocytochemistry: 

[0044] Cells, can be grown on 8-h«. chamber slides (Nunc/Naige) for 3 days were fixed 
in 2% formaldehyde for 5 minutes, in 4% formaldehyde for 5 minutes, and in ice-cold methanol. 
Cell layers are washed 3 times with PBS. 

[0045] Cells are stained for CD34 (Phaimingen International), CD 133 (Miltenyi Biotec, 
Bergiscli Gladbach, Germany), CD 105 (Pharmingen International), and CD90 (Santa Cruz 
Biotechnology, Inc.). 

Cultivation and Characterization of Human Mesenchymal Stem Cell Cultures: 

[0046] Cells are digested in collagenase type I, transferred into bacterial plates, and 
grown in a defined medium. After digestion only a few of the cells would attach to the plate 
surfaces. Under phase contrast microscopy, the cells may appear as short slightly spindle shaped 
cells. After 2 to 3 weeks in culture, cells can reach 70-80% confluence. Immunocytochemically, 
the cells express the mesenchymal stem cell markers CD-90 (Thy-1) and CD-105 (endoglin), and 
do not express either CD-34 or CD 1*33 (Figure 2). 

Induction of Human Mesenchymal Stem Cells intv „*n Adipogenic Phenotype: 

[0047] For adipogenic differentiation, the mesenchymal stem cells are treated with a 
defined medium with dexamethasone, insulin, indomethacin, and 3-isobutyl-l-methylxanthine. 
The cells tend to change their microscopic morphology from elongated to round. Within 8 days 
of exposure to the adipogenic medium, some cells may begin to form small intracellular 
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translucent vacuoles that gradually fill the cytoplasm, along the cell membrane. After 1 6 days in 
culture, approximately 20-30% of the cells may be completely filled with these vacuoles. Oil-O- 
Red stains these areas red, consistent with the presence of adipose (Figure 1). Control cells, 
grown in regular medium, tend not to show any signs of adipogenic differentiation and tend not 
to stain with Oil-0-Red at 8 or 1 6 days (Figure 1). 

[0048] The adipogenic differentiation of the cells can be confirmed with RT-PCR for 
lipoprotein lipase (lpl), an adipocyte specific marker, and ppary-2, a transcription factor highly 
expressed in adipocytes. To demonstrate equal amounts of RNA and c-DNA, (^-microglobulin 
as a housekeeping-gene can be used. After 16 days of treatment with adipogenic medium the 
cells tend to show strong expression of lpl and ppary-2. In contrast, cells in the control medium 
do not express lpl and only minimal ppary-2 expression can be detected on day 16 (Figures 4A- 
B). These results suggest that undifferentiated cells from dermal tissue can be induced into an 
adipogenic lineage. 

Induction of Human Mesenchymal Stem Cells into an Osteogenic Phenotype: 

[0049] Induction of human mesenchymal stem cells into an osteogenic phenotype is 
performed for 16 days. Phase contrast microscopy demonstrates that the mesenchymal cells, 
within 4 days of treatment, have a decreased spindle morphology and develop a round 
appearance with fingerlike excavations into the cell membrane. 

[0050] Chemical staining for alkaline phosphatase shows a significant increase in the 
osteogenic medium treated cells by day 8 and 16 (Figure 2A). The cells in the control medium 
do not show any significant difference in alkaline phosphatase staining at 8 or 16 days. 

[0051] To confirm these findings, alkaline phosphatase activity in cells undergoing 
osteogenic induction is measured using a chemical assay (Figure 2B). There is approximately a 
six-fold increase in alkaline phosphatase production in cells treated with osteogenic medium at 4 
days compared to cells treated with control medium (30.6nM p-Nitrophenol/min/10 6 cells and 
8nM p-Nitrophenol/min/10 6 cells, respectively). The osteogenic induced cells produce an 
average of 66.5nM p-Nitrophenol/min/10 6 cells by day 8 and 109. InM p-Nitrophenol/min/10 6 
cells by day 1 6. In contrast, the control cells produce ah average of only 12.6nM p- 
Nitrophenol/min/10 6 cells by day 16. 

[0052] As an additional control, commercially available bone-marrow-derived 
mesenchymal stem cells, which have been reported to be strongly responsive for induction of 



0183709A1J_> 



SUBSTITUTE SHEET (RULE 26) 



WO 01/83709 PCT/US01/13891 

11 

alkaline phosphatase, are tested under the same conditions. Bone marrow cells can produce 
120,2nM p-Nitrophenol/min/10 6 cells at Day 16, similar to the mesenchymal stem cells derived 
from dermal tissue. 

[0053] A major feature of osteogenic induction is the presence of cell-associated 
mineralization. In previous studies cell associated mineralization has been shown by using von 
Kossa staining and assays measuring the cdcium content of cell cultures. Von Kossa staining of 
cells in the osteogenic media is strongly positive by day 16 (Figure SAY In contrast, cells in ihe 
control medium do not stain with silver nitrate after days 8 or 1 6. 

[0054] To further test for mineralization, calcium deposition Vy f..s cells is measured 
(Figure 3B). Cells undergoing osteogenic induction show a significant increase in calcium 
precipitation after 16 days (28.5mg/dl). In contrast, cells grown in control medium do not she 
any increase in calcium accumulation (0.32 mg/dl) on day 16. 

[0055] Undifferentiated mesenchymal cells are additionally cultured in 6-well dishes for 
' 6 months. Osteogenic medium is added to half of the wells and control medium is added to tbs? 
•■" rest. The osteogenic medium cells form bone-like tissue in vitro, which stains positively with 
von Kossa, confirming calcification. 

[0056] Expression of cbfal, a transcription factor highly expressed in osteoblasts and 
hypertrophic chondrocytes, is analyzed in cells using RT-PCR. To demonstrate equal amounts 
of RNA and c-DNA, (32-microglobulin, as a housekeeping-gene, can be used. Cbfal expression 
is highest in osteogenic differentiating cells after 8 days and decre-arf-d slightly at 16 days. There 
is nearly no expression of cbfal in the controls after 8 and 16 days (Figures 4A-B). 

[0057] The references cited herein, as set forth above and below, are incorporated herein 
by reference in their entirety. 
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CLAIMS 

What is claimed is: 

1. A method for obtaining human mesenchymal stem cells, the method comprising: 

(a) providing a specimen of human connective tissue; 

(b) holding the specimen in a sterile environment for at least 2 days at about 4C; 

(c) isolating a dermal layer from the specimen; 

(d) contacting the dermal layer with collagenase to provide a collagenase cell 
suspension; 

(e) collecting supernatant from the collagenase cell suspension; 

(f) centrifuging the supernatant to obtain a cell product; 

(g) culturing the cell product under conditions to promote cell growth; and 

(h) isolating mesenchymal stem cells from the culture. 

'■■ 2. The method of Claim 1, wherein the specimen is held in a sterile environment for / -j 
days. 

3. The method of Claim 1, wherein the collagenase is collagenase I. 

4. The method of Claim 1, wherein the human connective tissue is obtained from a human 
skin. 

5. The method of Claim 4, wherein the human skin is foreskin. 

6. A human mesenchymal stem cell produced by the method of claim 1 . 

7. A method for obtaining osteoblasts, the method comprising: 

(a) providing a specimen of human connective tissue; 

(b) holding the specimen m a sterile environment for at least 2 days at about 4C; 

(c) isolating a dermal layer from the tissue; 

(d) contacting the dermal layer with collagenase to provide a collagenase cell 
suspension; 

(e) collecting supernatant from the collagenase cell suspension; 
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(f) centrifuging the supernatant to obtain a cell product; and 

(g) culturing the cell product under conditions to promote cell growth in contact 
with dexamethasone, beta-glycerophosphate and ascorbic acid-2-phosphate in 
amounts sufficient to induce human mesenchymal stem cells to undergo 
osteogenic differentiation. 

8. A method for obtaining adipocytes, the method comprising: 

(a) providing a specimen of human connective tissue; 

(b) holding the specimen in a sterile environment for at least 2 days at about 4C; 

(c) isolating a dermal layer from the tissue; 

(d) contacting the dermal layer with collagenase to provide a collagenase cell 
suspension; 

(e) collecting supernatant from the collagenase cell suspension; 

(f) centrifuging the supernatant to obtain a cell product; and 

.(g) culturing the cell product under conditions to promote cell growth in contact 
with dexamethasone, 3-isobutyl-l-methylxanthine, insulin, and indomefhacin 
in an amount sufficient to induce human mesenchymal stem cells to undergo 
adipogenic differentiation. 

9. A method for obtaining chondrocytes, the method comprising: 

(a) providing a specimen of human connective tissue; 

(b) holding the specimen in a sterile environment for at least 2 days at about 4C; 

(c) isolating a dermal layer from the tissue; 

(d) contacting the dermal layer with collagenase to provide a collagenase cell 
suspension; 

(e) collecting supernatant from the collagenase cell suspension; 

(f) centrifuging the supernatant to obtain a cell product; and 

(g) culturing the cell product under conditions to promote cell growth in contact 
with in contact with L-glutamine, MEM nonessential amino acids, 2- 
mercaptoefhanol, dexamethasone, ascorbic acid-2-phosphate, and 
transforming growth factor 3 in an amount sufficient to induce human 
mesenchymal stem cells to undergo chondrogenic differentiation. 

SUBSTITUTE SHEET (RULE 26) 



BMSDOCID: <WO 0183709A1 I > 



WO 01/83709 



PCT/DS01/13891 




WO 01/83709 



PCT/US01/13891 





01B3709A1 I > 



WO 01/83709 



PCT/US01/13891 




_01B3709A1_I_> 



SUBSTITUTE SHEET (RULE 26) 



WO 01/83709 



PCT/US01/13891 




INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US0I/1S891 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(7) :Cl2N 5/02, 5/08 
US CL .4S5/S66, 377 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 435/366, 377 



Documentation searched other than minimum documentation to the extent that sues liocumejaJs are ».«Juded in the fields 
searched 



Electronic data base consulted during the international search (name of data be/r;- and, where practicable, search terms used) 
WEST USPAT, DWPIj STN CAPLUS, MEDLINE, BIOSIS 

March terms: mesenchymal stem cells, human connective tissues, adipogenic, ehondrogenic, -..;:_eogets.k, differentiation 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5,942,225 A (BRUDER et al.) 24 August 1999, col. 1, lines 13- 
15; col. 4, lines 15-17; col. 9, lines 4-9; examples 2 and 3. 

YOUNG et al. Mesenchymal Stem Cells Re-i.le -Within the 
Connective Tissues of Many Organs. i-Vsvelopmental Dynamics. 
1995, Vol. 202, pages 137-144, especially page 142. 

P1TTENGER et al. Multilineage Potential of Adult Human 
Mesenchymal Stem Cells. Science. 02 April 1999, Vol. 284, pages 
143-147, especially pages 144 and 145. 



1,4-7,9 
1-9 

7-9 



x 



Further documents are listed in the continuation of Box C. | | See patent family annex. 



" Special categories of cited document*: 

"A" document defining the general state of tho ait which is not considered 

to be of par—oular relevance 

"E" earlier document pablishod on or after the international filing date 

"I/ document which may throw doubts on priority claim(s) or which is 

cited to establish the publication date of another citation or other 
special reason (as specified) 

"0" document referring to an oral disclosure, use, exhibition or other 

means 

"F* document published prior to the international filing date bat later 
than ths priority date claimed 



T later document published after the international filing date or priority 

dale and not in conflict with tho application but cited to understand 
the principle or theory underlying the invontion 

"X" document of particular relevance; the claimed invention cannot be 

considered novol or cannot be considered to involve an inventive step 
whon the document is taken alone 

"T document of particular relevance; the claimed invontion cannot bo 

considered to involve an inventive step when tho doenmont is combined 
with one cr more albe? such documents, snch combinatict: oeing 
obvious to a person skiUeti in the art 

*„" document member of the same patent family 



Date of the actual completion of the international search 



22 JUNE 2001 



Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington, D.C. 20231 
Facsimile No. (70S) S05-32S0 



Date of mailing of the international search report 

13JUL2001 




FREMOVA / 4^ 



Telephone No. (70S) 308-0196 



Form PCT/ISA/210 (second sheet) (July 1998)* 



NSDOCID: <WO_ 



_01B3709A1_I_> 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US01/IS891 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to c 


Y 


MAGKAY et al Chondrogenic Differentiation of Cultured Human 


9 




Mesenchymal Stem Cells from marrow. Tissue Engineering. 1998, 






Vol 4, No. 4, pages 415-428, especially pages 416-417. 











Form PCT/ISA/Z10 (continuation of second sheet) (July 1998)* 



NSDOCID: <WO 01837D9A1_I_> 



